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Abstract 

Hematogones are precursors of B-lympho- 
cytes detected in small numbers in the bone 
marrow. Flow cytometry is the most useful tool 
to identify hematogones and, so far, 4-color 
methods have been published. In addition, flow 
cytometry is used in the diagnosis and follow- 
up of lymphomas. We developed a flow cyto- 
metric 7-color method to enumerate hemato- 
gones and to assess B-lymphocyte clonality for 
routine purposes. We evaluated 171 cases of B- 
cell non-Hodgkin lymphomas, either at diagno- 
sis or in the course of follow-up. By our diag- 
nostic method, which was carried out by the 
combination K/X/CD20/CD19/CD10/CD45/CD5, 
we were able to detect hematogones in 97.6% 
of samples and to distinguish normal B-lym- 
phocytes, neoplastic lymphocytes and hemato- 
gones in a single step. The percentage of 
hematogones showed a significant inverse 
correlation with the degree of neoplastic infil- 
tration and, when bone marrow samples not 
involved by disease were taken into considera- 
tion, resulted higher in patients during follow- 
up than in patients evaluated at diagnosis. 



Introduction 

The ontogenesis of B-lymphocytes in 
humans takes place in the bone marrow. 12 The 
first recognizable B-cell precursors are called 
hematogones (HGs) and are lymphoid-appear- 
ing cells. Their morphology, in the first stages 
of development, is similar to that of lym- 
phoblasts, while more mature HGs resemble 
mature B-lymphocytes. Although HG detection 
is possible by light microscopy in bone marrow 
histological samples and/or aspirates, 3 5 the 
most precise tool to identify and enumerate 



them is represented by multiparameter flow 
cytometry (MFC), which allows to characterize 
various stages of development of HGs and to 
study all phases of B-lymphocyte ontogenesis. 5 6 

HG phenotype is characterized by a dynamic 
evolution of antigens associated with B-cell 
development, with progressive down-regula- 
tion of CD34, CD10 and CD38, and progressive 
up-regulation of CD45, CD20, CD22 and sur- 
face immunoglobulin light chains. Using MFC, 
three main stages (stage 1, 2 and 3) of HGs 
can be detected, and they can be distinguished 
from the final stages of B-cell ontogenesis, 
which includes both transitional and mature, 
naive B-lymphocytes. 

Several papers, dealing with HG recognition 
and enumeration, have so far been published, 
and recent interesting reviews have provided 
an extensive survey of such a topic. 5 6 To the 
best of our knowledge, all previous investiga- 
tions were carried out by 4-color MFC, requir- 
ing the organization of more than one antibody 
combination, without the possibility of detect- 
ing HGs and assessing clonality of mature B- 
lymphocytes in the same sample. 

In the current paper we describe a rapid, 
simple 7-color tube which can be used for rou- 
tine purposes and allows to identify normal 
and neoplastic B-lymphocytes, to assess their 
clonality, and to detect and enumerate HGs. 
Since our laboratory is particularly involved in 
hematological malignancies diagnosis, we 
applied this diagnostic MFC tube to samples 
obtained from patients suffering from B-cell 
non-Hodgkin lymphomas (B-NHLs). The cur- 
rent paper deals with 171 consecutive cases 
and includes patients in different phases of 
disease (at diagnosis, under chronic observa- 
tion), either with or without bone marrow 
involvement by disease. 



Materials and Methods 

Patients 

One hundred and seventy-one patients, suf- 
fering from various types of B-NHL were stud- 
ied: 95 were males and 76 females, with age 
ranging 20-83 (Table 1). B-NHL subtypes were 
diagnosed according to the 2008 WHO classifi- 
cation. 7 Ninety-five patients (mean age 60.58, 
SD 13.39, SEM 1.37, range 20-83) were studied 
at diagnosis, when bone marrow samples were 
obtained in the course of disease staging. 
Seventy-six patients (mean age 60.63 ys, SD 
11.24, SEM 1.16, range 38-82) were evaluated 
during follow-up, after at least 12 months from 
terminating chemotherapy. Both bone marrow 
biopsy (BMB) and myeloaspirate (MA) were 
obtained from all patients, in order to carry out 
synchronous histological and cytological evalu- 
ation and to analyze aspirate samples by MFC. 



Myeloaspirate evaluation 

MA smears, stained by May-Griinwald- 
Giemsa, were observed at light microscopy in 
order to identify hemodiluted samples, which 
were not considered for our study. 

Bone marrow histology 

Bone marrow trephines were fixed in 
Myelodec® reagent A (Bio-Optica, Milan, Italy) 
for 2 hr, decalcified, embedded in paraffin, and 
cut into 3-5 \im sections. Morphological evalua- 
tions were carried out on hematoxylin-eosin, 
Giemsa, and Gordon-Sweet for reticulin-stained 
sections. Immunohistochemical stainings were 
performed using a peroxidase-based system 
and included antibodies specific for CD20/L6, 
CD3/PS1, CD5/4C7, CD23/1B12, CD45, CD79a, 
bcl-2/100-D5, cyclin-Dl (DSC-6), CD43, CD10, 
CDla/EP3622, CD4/SP35, CD8/SP57, CD30/Ber- 
H2, CD45RO/UCHL-1, CD56/123C3, CD57/NK-1, 
CD68/KP1, CD68R/PGM-1, Granzyme B policlon- 
al, MUM-l/MRQ-43, lysozyme/polyclonal, gli- 
cophorin A/GA-R2, myeloperoxidase/polyclonal, 
and polyclonal antibodies directed to 
immunoglobulin y and \i heavy chains, and K 
and X light chains. A BenchMark automated 
Slide Stainer (Ventana, Milan, Italy) was used. 

Flow cytometry reagents and 
devices 

MFC was carried out by a FacsCanto II 
cytometer (Becton Dickinson, Franklin Lakes, 
NJ, USA) equipped with three lasers (488, 633, 
405 nm) and capable of analyzing combina- 



[page 32] 



[Hematology Reports 2014; 6:5381] 



OPEN /Jl ACCESS 



pagepress 



Article 



tions of the following fluorochromes: FITC, PE, 
PerCP-Cy5.5, PE-Cy.7, APC, APC-Cy.7, Am- 
Cyan/Horizon V500, Pacific Blue/Horizon V450. 
Data were analyzed by the FacsDiva software 
(Becton Dickinson). The following monoclonal 
antibodies (MoAbs), all purchased from 
Becton Dickinson, were used: CD45, CD3, 
CD4, CD5, CD8, CD10, CDllc, CD16-56, CD5, 
CD19, CD20, CD22, CD23, CD25, CD34, CD38, 
CD43, CD79b, CD81, CD103, CD200. For clon- 
ality assessment, F(ab') 2 polyclonal rabbit anti- 
bodies directed to human immunoglobulin K 
and X light chains, purchased from Dako, were 
used. Different combinations of antibodies 
were used, in order to identify HGs, normal 
and neoplastic B-lymphocytes, minimal resid- 
ual disease. The setup of the cytometer was 
carried out by the BD cytometer setup and 
tracking beads kit (Becton Dickinson) and flu- 
orescence compensation was performed auto- 
matically. 

Flow cytometric detection 

of hematogones and simultaneous 

clonality assessment 

Myeloaspirate samples (50 \iL), were subject- 
ed to preliminary erythrocyte lysis by NH 4 C1 (5 
min), followed by two washings with PBS (300 g 
for 5 min). The cell pellets were pre-incubated 
with heat-inactivated fetal calf serum (50 \iL, 15 
minutes). B-lymphocyte clonality assessment 
and HG detection and enumeration were car- 
ried out by a single, seven-color tube. In 50 
cases the antibody panel included: K/FITC; A/PE; 
CD20/PerCP-Cy5.5; CD5/PE-Cy.7; CD10/APC; 
CD19/APC-Cy.7; CD45/Am-Cyan. In the remain- 
ing samples, the antibody panel included: 
K/FITC; A/PE; CD20/PerCP-Cy5.5; CD19/PE-Cy.7; 
CD10/APC; CD45/APC-Cy.7; CD5/Horizon V450. 
Saturating amounts of antibodies (FITC- and 
PE-conjugated antibodies, 7 \iL\ for the other 



ones, 5 piL) were used. After incubation for 20 
minutes, samples were processed by acquisi- 
tion of 100.000 events and a well-defined cluster 
of at least 10 cells in the CD45/SSC display was 
considered as suitable for analysis, thus allow- 
ing a 0.01% sensitivity. In preliminary tests, 
additional tubes were organized, in order to 
obtain a more detailed analysis of HGs, using 
the following MoAb combinations: CD45/ 
CD10/CD19/CD20/CD34; CD45/CD19/CD22/ 
CD34/CD38. 

Routine flow cytometric analysis 
of B-cell non-Hodgkin lymphomas 

Routine MFC assays were used for diagnostic 
purposes by means the following MoAb combi- 
nations: i) CD38,CD4,CD8,CD5,CD19,CD16- 
56,CD3,CD45 (orientation tube, identification 
of CD19+/CD5+ lymphocytes; ii) CD19,CD20, 
CD22,CD79b,CD5,CD45,CD23 (for the differen- 
tial diagnosis of B-NHLs;) iii) CD19,CD20,CD5, 
CD200,CD25,CDllc,CD103,CD45 (for the dif- 
ferential diagnosis between hairy cell leukemia 
and marginal zone lymphomas, and among 
CD5+ B-NHLs; iv) CD45,CD19,CD20,CD5,CD43, 
CD81 (for the diagnosis of CLL and identifica- 
tion of minimal residual disease). Analysis was 
carried out by acquiring 100.000 events/tube 
and, considering as suitable a well-defined clus- 
ter of 10 cells in the CD45/SSC display, sensitiv- 
ity was 10 -4 . Criteria for bone marrow involve- 
ment were: clonal K or X restriction (reference 
values: 0.5:1-3:1); specific immunophenotype 
(such as the CD19+/CD20+/CD103+/CDllc+/ 
CD25+/CD200+ co-expression in hairy cell 
leukemia); typical immunophenotypic pattern 
(such as CD19+/CD5+/CD23+CD200+/CD43+/ 
CD20+ weak /CD81-/CD79b- in CLL; CD19+/CD5+/ 
CD23-/CD20+ bri s ht /CD79b+/CD200- in MCL, or 
CD10+/CD20+CD19+ weak /CD43- in follicular 
lymphoma). 810 



Table 1. General characteristics of patients. 



Disease 


Males 
(n=95) 


Females 
(n=76) 


Total 
(n=171) 


Age, years 
(range) 


FL 


24 


34 


58 


20-82 


DLBCL 


21 


14 


35 


23-83 


MZL 


14 


12 


26 


45-80 


CLL 


17 


6 


23 


46-80 


HCL 


6 


0 


6 


56-74 


MALT 


1 


4 


5 


45-74 


MCL 


8 


4 


12 


53-76 


LPL 


1 


1 


2 


80-81 


SLL 


2 


0 


2 


45-71 


WM 


1 


1 


2 


53-73 



FL, follicular lymphoma; DLBCL, diffuse large B-cell lymphoma; MZL, marginal zone B-cell lymphoma (including both splenic MZL and nodal 
MZL); CLL, chronic lymphocytic leukemia; HCL, hairy cell leukemia; MALT, Extranodal marginal zone B-cell lymphoma of mucosa-associated 
lymphoid tissue; MCL, mantle cell lymphoma; LPL, lymphoplasmacytic lymphoma; SLL, small lymphocytic lymphoma; WM, Waldenstrom 
macroglobulinemia. 



Statistics 

Means, standard deviations and standard 
errors of means were calculated by routine 
methods. When necessary, the Spearman cor- 
relation test was used. Differences were con- 
sidered as statistically significant with P<0.05. 



Results 

Simultaneous identification 
of hematogones and mature 
B-lymphocytes 

Figure 1 is representative of the single-tube 
seven-color analysis of a normal bone marrow 
sample (in this case, obtained from a patient 
with a follicular lymphoma limited to a single 
lesion of the skin). A sequential gating analysis 
was carried out. The first gate (PI, Figure 1) 
was set to include both lymphocytes and events 
within the so-called blast gate, 11 ' 12 and the sec- 
ond gate (P2, Figure 1) included CD19+ cells. 
In several samples, as shown in this case, a 
distinct CD19+/CD5+ weak B-cell population 
could be gated (P3). In the following cytogram 
(Figure 1), the P2 population was found to be 
composed of three different populations: HGs, 
with either negative or heterogeneously posi- 
tive CD20 (P4 and P5, respectively) and 
mature B-lymphocytes (P6), which were poly- 
clonal, while the two HG subsets lacked sur- 
face immunoglobulin light chains. The cell 
population with CD19+/CD5+ weak co-expres- 
sion (P3) was found to lack CD 10 and to be 
polyclonal and CD20+, thus resulting similar 
to mature B-lymphocytes. Finally, back gating 
of the four B-cell subsets demonstrated a dif- 
ferent CD45 expression (Figure 1), with 
increasing positivity starting from the P4 pop- 
ulation, which resulted the most immature. 
CD5+ weak mature B-lymphocytes were found 
within the lymphocytic gate. 

Preliminary tests to dissect 
the hematogone population 

Figure 1 shows the different expression of 
additional markers shown by HGs and mature B- 
lymphocytes, after CD19 gating (P2, Figure 1). 
The most immature HG subset, called stage 1 
HGs, showed co-expression of CD19,CD34, 
CD10 bright CD 3 8 bright HGs negative for CD34 
resulted positive for CD10 and CD38. Mature B- 
lymphocytes were negative for CD34 and CD 10, 
and resulted to be negative or weakly positive 
for CD38, with heterogeneous expression. 

Such additional tests showed that the 
CD10+/CD20- HG subset consisted of type 1 
and type 2 HGs (as demonstrated in Figure 1) 
and that all CD34-negative HGs were similar in 
terms of CD38 and CD22 expression. 

We found that the prevalent HG subset was 
CD34-/CD20- (stage 2 HGs) and accounted 
for about 60% (mean values), while stage 1 
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and stage 3 HGs accounted for about 15% and 
25% of all HGs, respectively (data not 
shown). 

Enumeration of hematogones and 
mature B-lymphocytes and 
data reporting 

According to the above results, using the 
seven-color tube developed for routine purpos- 
es, HGs were enumerated as a whole popula- 
tion which consisted of all CD19+/CD10+ 
events, irrespectively from CD20 levels, with 
intermediate CD45 levels and without surface 
immunoglobulin light chains. Mature B-lym- 
phocytes were enumerated as the cell popula- 
tion consisting of polyclonal CD19+/CD20+/ 
CD5-/CD10- events plus polyclonal CD 19+/ 
CD20+/CD5+ events (if present). Data were 
expressed in term of percentage of the total 
events acquired. B-cell clonality was expressed 
as K/Xratio. 

Hematogones and mature 
B-lymphocytes in non-infiltrated 
bone marrow samples from B-cell 
non-Hodgkin lymphoma patients 
at diagnosis and in patients 
in follow-up 

One-hundred and twenty-nine bone marrow 
samples (75 at diagnosis, 54 in the course of 



follow-up) were found to be not interested by 
neoplastic infiltration by combination of mor- 
phology and immunophenotypic assays. 
Results are shown in Table 2: we observed that 
both the percentage of HGs and the percentage 
of polyclonal B-lymphocytes were higher in 
patients during follow-up, with a statistically 
significant difference. In such samples, HGs 
were always detected and a wide range of val- 
ues was registered. 



Percentages of hematogones and 
B-lymphocytes in patients with 
infiltrated bone marrow 

Samples with bone marrow involvement by 
disease were 42 (CLL: 16; MZL: 10; FL: 5; HCL: 3; 
MCL: 2; SLL: 2; LPL: 2; WM: 2). Neoplastic infil- 
tration was associated with a significant 
decrease in the percentage of HGs. This reduc- 
tion was observed essentially in samples with 
>25% neoplastic infiltration (Table 2) and corre- 



Table 2. Percentages of hematogones and B-lymphocytes. 



Patients 




Hematogones % 
(range) 


B-lymphocytes % 
(range) 


KA, ratio 
(range) 


At diagnosis, normal bone marrow 


75 


0.88±0.89* 
(0.1-5.4) 


1.77±1.20** 
(0.3-6.9) 


1-2 


Follow-up, normal bone marrow 


54 
(0.1-4.7) 


1.31±1.21* 
(0.1-12) 


3.02±2.63** 


1-2.5 


Infiltrated bone marrow, all cases 


42 


0.72±0.80 
(0-3.6) 


19.26±21.02 
(0.12-85.6) 


NA 


Infiltrated bone marrow <25% 


28 


0.98±0.86 
(0.1-3.6) 


7.66±5.75 
(0.12-19.2) 


NA 


Infiltrated bone marrow >25% 


14 


0.23±025*** 
(0-0.9) 


42.48=b21.30 
(25-85.6) 


NA 



Data are expressed as percentages±standard deviation. NA, not applicable. *P=0.018; **P=0.002; ***P=0.001 (us all the other groups). 




II 

B 



"t — 7 




— z> — I 



Figure 1. 1: simultaneous K/X analysis and detection of hematogones in a bone marrow sample without lymphomatous infiltration (patient 
with follicular lymphoma involving a single skin lesion). A) initial gate setting (PI). B) the two gates include CD5-negative B-lymphocytes 
(P2) and B-lymphocytes with dim expression of CD5 (P3). Q Distribution of CD5 -negative B-lymphocytes in the CD10/CD20 cytogram. 
Hematogones (P4 plus P5) can be observed, along with mature, CDlO-negative B-lymphocytes (P6). Hematogones with dim/heterogeneous 
CD 10 expression are 30% of the whole hematogone population. D) K/A, analysis of mature B-lymphocytes, which are polyclonal (ratio: 
1.6:1). E) both P4 and P5 cell populations lack surface light chains, in agreement with their relative immaturity. F) the population of CD5- 
positive B-lymphocytes lacks CD10, and G) is polyclonal (K/A, ratio: 1.35:1). H) CD45/SS back-gating: an increasing CD45 expression char- 
acterizes hematogones and mature B-lymphocytes. The CD5-positive population is localized within the gate of mature lymphocytes. The 
four arrows show the localization of the respective cell populations. The whole analysis shows: 2.3% mature B-lymphocytes (P3+P6, Le. 
0.8+1.5%); 1.1% hematogones (P4+P5. Le. 0.77+0.33%). II: additional tube to complete immunophenotyping of the case described in 
Image I. A) B-lymphocyte gating. B) detection of type 1 HG (P3). P4 includes type 2 and type 3 HG. P5: mature B-lymphocytes. C) CD34+ 
hematogones show the brightest CD 10 expression (arrow). D,E) different pattern of expression of CD22 (D) and CD38 (E) in HG and 
mature B-lymphocytes. F) back-gating of HG and mature B-lymphocytes in the CD45/SSC cytogram, as shown by the arrows. 
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lation tests showed a clear relationship between 
decreasing HG percentage and increasing lym- 
phomatous infiltration (Figure 2). 

Failure to detect hematogones in infiltrated 
samples concerned only 4 patients included in 
the subset of samples with >25% bone marrow 
infiltration. Therefore, the percentage of sam- 
ples without detectable HGs, using our diag- 
nostic conditions, resulted very low (2.3%). 
HGs were easily distinguished from both nor- 
mal and neoplastic B-lymphocytes, as shown in 
representative cases of CLL and follicular lym- 
phoma (Figure 3). 

Samples with hematogone 
hyperplasia 

The percentage of samples with HG hyper- 
plasia, defined as HGs >3.5%, resulted to be 
very low, since only one sample (patient at 
diagnosis, uninvolved bone marrow) showed 
5.4% HGs, and other 5 samples showed HGs 
ranging 3.6-4.7. Thus, HG hyperplasia account- 
ed for 3.5% of all samples. Despite the use of a 
diagnostic tube which included CD5, we were 
not able to find HGs positive for this molecule, 
since the B-lymphocyte subset co-expressing 
this molecule was always found to overlap the 
phenotype of polyclonal, mature B-lymphocytes 
and to show polyclonal expression of surface 
immunoglobulin light chains. 



Discussion 

Human B-lymphocyte ontogenesis occurs in 
the bone marrow, starting from a common 
myeloid-lymphoid precursor, through several 
development stages. The most immature pro- 
genitors of B-lymphocytes are very rare cells 
and cannot be detected by routine methods. 113 



The first B-lymphocyte precursors recogniz- 
able by MFC are called HGs and can be identi- 
fied by means of combination of some antibod- 
ies directed to markers which are down- or up- 
regulated in the course of evolution towards 
mature cells. 6 Using the flow cytometric 
approach, HGs can be distinguished in three 
main subsets. 1418 

Stage 1 HGs are characterized by positivity 



r= -0.470 
p= 0.002 
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Figure 2. Correlation between hemtogones percentage and degree of bone marrow infil- 
tration by neoplastic lymphocytes. 




Figure 3. I. A case of CLL. A) initial gate (PI). B) detection of pathologic lymphocytes (P2) and CD19+/CD5-negative B-cells. C) the 
neoplastic lymphocytes are CDlO-negative. D) CD19+/CD5- are composed of hematogones (P4+P5) and normal B-lymphocytes. E) 
different KA, expression by hematogones and normal B-lymphocytes. F) back-gating. The P2 population represents 55% of total events, 
while P3 accounts for 0.5% of total events (hematogones: 0.2%; normal B-lymphocytes: 0.3%). II: a case of follicular lymphoma. A) 
initial gate (PI). B) CD19+ cells (10%). C) hematogones (P3, 5%) are present along with a pathologic, CD10+/CD20+ mature B-lym- 
phocyte population (P4, 5%), which shows D) clonal X excess (KM, ratio: 0.25:1). 
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for TdT,CD34,CD19,CD38 and CD10. Stage 2 
HGs lack TdT and CD34 and are positive for CD 
19, CD10, CD38, cytoplasmic IgM. Stage 3 HGs 
are similar to the previous stage, but show a 
progressive expression of CD20 and surface 
immunoglobulin light chains. In this stage ini- 
tial expression of CD22 occurs, along with a 
progressive reduction in CD 10 expression. The 
expression of CD45 progressively increases 
during maturation from stage 1 to stage 3 HGs. 
According to the current literature, stage 2 HGs 
are the main population, accounting for about 
65% of all the HG population. 

The final B-lymphocyte development leads 
to the formation of mature cells which show 
the brightest expression of CD45 and are posi- 
tive for CD19,CD20, surface IgM and IgD. Such 
cells are polyclonal, show down-regulation of 
CD38 and lack CD27 {i.e., they are naive cells). 
Several bone marrow specimens show the 
presence of a subset of mature, polyclonal B- 
lymphocytes which co-express CD5, 19 - 20 and 
have been termed transitional B-lymphocytes. 

The bone marrow, however, is a frequent 
site of localization of B-NHLs. This behavior, 
which is characteristic of CLL and HCL, con- 
cerns variable percentages of the other NHL 
histotypes. 21 Bone marrow investigation is one 
of the steps of disease staging, since evidence 
for bone marrow involvement results in a diag- 
nosis of stage IV disease and is associated with 
shortened survival. 

MFC is one of the methods currently used to 
analyze bone marrow samples in B-NHLs and 
provides important data in order to measure 
lymphomatous infiltration, to improve differ- 
ential diagnosis and to detect minimal residual 
disease. 8 ' 22 - 23 

Our laboratory is involved in diagnosis and 
monitoring of NHLs and routine analysis is 
carried out by combinations of 7 or 8 antibod- 
ies. 9 Among the various diagnostic tubes, we 
developed a 7-color method to perform a simul- 
taneous detection of normal B-lymphocytes, 
neoplastic cells and hematogones, using CD45, 
CD 19, the main B-cell markers which are dif- 
ferently regulated during B-lymphocyte devel- 
opment (CD10 and CD20), antibodies specific 
for K and X light chains, and CD5. 

Using our technical approach, we were able 
to detect HGs in 97.6% of cases, with failure 
only in a few samples with marked neoplastic 
infiltration. We found that uninvolved bone 
marrow samples from patients in follow-up, 
studied at least 12 months from last 
chemotherapy, showed higher HG percentages 
than patients with normal bone marrow, but 
evaluated at diagnosis. The mean percentage 
of HGs enumerated in patients in follow-up 
was 1.3% and resulted very similar to the 
results (1.1%) reported by McKenna et al. in 
207 specimens evaluated by the same NH 4 C1 
lysis procedure as ours. 15 Similarly, results 
were characterized by high standard deviation 



values, due to a very wide range. To date, the 
percentage of HGs in normal subject remains 
unknown, as discussed by Chantepie et g/., 6 
but it is probable that values of 1.1-1.3% might 
be considered as near to normal figures. 

It should be underlined the fact that our 
patients' population consisted of only NHLs 
cases and that mean age was about 60 years, 
with no patients under 20 years. Thus, some 
differences might be due to patients' charac- 
teristics, since children usually show higher 
HG percentages than adults, and since HGs 
seem to decline with age. 15 

In pathologic, infiltrated bone marrow sam- 
ples our diagnostic tube was found to distin- 
guish neoplastic lymphocytes from both resid- 
ual, normal B-lymphocytes and HGs. Thus, 
with a single analysis it was possible to study 
B-cell ontogenesis in the course of NHL obser- 
vation. This approach might be interesting 
when a prospective analysis of bone marrow 
samples is required. This could be the case of 
patients treated with chemo-immunotherapy, 
when anti-CD20 antibodies (Rituximab) are 
used, 24 and when immunotherapy is chosen as 
maintenance therapy, for example in follicular 
lymphoma. 25 

In such cases, monitoring CD20+ lympho- 
cytes may be useful to optimize maintenance 
therapy and the use of the single 7-color tube 
allows to confirm the absence of lymphoma- 
tous infiltration. 

We were able to distinguish normal from 
pathologic CD 10+ B-cells, as found in cases of 
follicular lymphoma. In addition, the inclusion 
of CD5 in the MoAb panel allows to distinguish 
normal, transitional B-lymphocytes from lym- 
phomatous cells, and this appears to be very 
useful in all CD5-expressing NHLs. Such a pur- 
pose is particularly important when minimal 
residual disease evaluation is required. 26 

We were not able to detect CD5-expressing 
HGs. The existence of this HG subset has been 
reported previously in cases with HG hyperpla- 
sia (defined as HGs more than 3.5%). 27 

However, we found that in normal, non-infil- 
trated bone marrow samples, CD5+ B-cells 
were always polyclonal, CD20+ and CD 10-, 
thus very close to naive B-lymphocytes from a 
phenotypical point of view. It should be under- 
lined, however, that CD5+ normal bone mar- 
row B-lymphocytes are usually characterized 
by dim expression of such a molecule and that 
fluorochromes selection has to be considered 
as an important variable that might influence 
the recognition of CD5+ B-cells. 26 



Conclusions 

In conclusion, MFC performed with the 
association of seven antibodies appears to be 



an useful diagnostic tool in cases of NHLs, 
when routine evaluation of B-cell ontogenesis 
and disease assessment are required. The 
MoAb panel can be expanded up to 8 fluores- 
cences or more, depending on the technical 
characteristics of cytometers and on MoAb 
availability. Thus, similar approaches might be 
proposed to study HGS and B-cell development 
in other clinical conditions. In fact, there is an 
increasing interest in studying HGs in differ- 
ent diseases, such as acute myeloid leukemia 
both at diagnosis and after therapy, 2829 in 
myelodysplastic syndromes, 30 in patients 
undergoing hematopoietic stem cells trans- 
plantation. 4 - 31 



References 

1. Hirose J, Kouro T, Igarashi H, et al. A devel- 
oping picture of lymphopoiesis in bone 
marrow. Immunol Rev 2002;189:28-40. 

2. Zhao E, Xu H, Wang L, et al. Bone marrow 
and the control of immunity. Cell Mol 
Immunol 2012;9:1-19. 

3. Rimsza LM, Larson RS, Winter SS, et al. 
Benign hematogone-rich lymphoid prolif- 
erations can be distinguished from B-line- 
age acute lymphoblastic leukemia by inte- 
gration of morphology, immunophenotype, 
adhesion molecule expression, and archi- 
tectural features. Am J Clin Pathol 2000; 
114:66-75. 

4. Honebrink T, Dayton V, Burke MJ, et al. 
Impact of bone marrow hematogones on 
umbilical cord blood transplantation out- 
comes in patients with acute myeloid 
leukemia. Biol Blood Marrow Transplant 
2012;18:930-6. 

5. Sevilla DW, Colovai Al, Emmons FN, et al. 
Hematogones: a review and update. Leuk 
Lymphoma 2010;51:10-9. 

6. Chantepie SP, Cornet E, Salaiin V, Reman 
O. Hematogones: an overview. Leuk Res 
2013;37:1404-11. 

7. Jaffe ES. The 2008 WHO classification of 
lymphomas: implications for clinical prac- 
tice and translational research. Hematology 
Am Soc Hematol Educ Program 2009:523-31. 

8. De Tute RM. Flow cytometry and its use in 
the diagnosis and management of mature 
lymphoid malignancies. Histopathology 
2011;58:90-105. 

9. Carulli G, Marini M. Diagnosis and classi- 
fication of B-cell non-Hodgkin lymphomas. 
The role of multiparameter flow cytometry. 
Clin Ter 2012;163:47-57. 

10. van Dongen JJ, Lhermitte L, Bottcher S, 
et al. EuroFlow Consortium (EU-FP6, 
LSHB-CT-2006-018708). EuroFlow anti- 
body panels for standardized n-dimen- 
sional flow cytometric immunophenotyp- 
ing of normal, reactive and malignant 



[page 36] 



[Hematology Reports 2014; 6:5381] 



OPEN/7} ACCESS 



pagepress 



Article 



leukocytes. Leukemia 2012;26:1908-75. 

11. Tsao L, Colovai AI, Jiang J-G, et al. 
Characterizing CD43 expression in 
haematogones using multicolour flow 
cytometric analysis. Br J Haematol 2005; 
128:820-3. 

12. Harrington AM, Olteanu H, Kroft SH. A dis- 
section of the CD45/side scatter blast gate. 
Am J Clin Pathol 2012;137:800-4. 

13. Sanz E, Munoz AN, Monserrat J, et al. 
Ordering human CD34+CD10-CD19+ 
pre/pro-B-cell and CD 19- common lym- 
phoid progenitor stages in two pro-B-cell 
development pathways. Proc Natl Acad Sci 
USA 2010;107:5925-30. 

14. Longacre TA, Foucar K, Crago S, et al. 
Hematogones: a multiparameter analysis 
of bone marrow precursor cells. Blood 
1989;73:543-52. 

15. McKenna RW, Washington LT, Aquino DB, 
et al. Immunophenotypic analysis of 
hematogones (B-lymphocyte precursors) 
in 662 consecutive bone marrow speci- 
mens by 4-color flow cytometry. Blood 
2001;98:2498-507. 

16. McKenna RW, Asplund SL, Kroft SH. 
Immunophenotypic analysis of hemato- 
gones (B-lymphocyte precursors) and neo- 
plastic lymphoblasts by 4-color flow cytom- 
etry. Leuk Lymphoma 2004;45:277-85. 

17. Tsao L, Colovai AI, Jiang JG, et al. 
Characterizing CD43 expression in 
haematogones using multicolor flow cyto- 



metric analysis. Br J Haematol 2005;128: 
820-3. 

18. Hurford MT, Altman AJ, DiGiuseppe JA, et 
al. Unique pattern of nuclear TdT immuno- 
fluorescence distinguishes normal precur- 
sor B cells (Hematogones) from lym- 
phoblasts of precursor B-lymphoblastic 
leukemia. Am J Clin Pathol 2008;129:700-5. 

19. Sims GP, Ettinger R, Shirota Y, et al. 
Identification and characterization of cir- 
culating human transitional B cells. Blood 
2005;105:4390-8. 

20. Choi YS, Dieter JA, Rothaeusler K, et al. B- 
1 cells in the bone marrow are a signifi- 
cant source of natural IgM. Eur J Immunol 
2012;42:120-9. 

21. Fend F, Kremer M. Diagnosis and classifi- 
cation of malignant lymphoma and related 
entities in the bone marrow trephine biop- 
sy. Pathobiology 2007;74:133-43. 

22. Kaleem Z. Flow cytometric analysis of lym- 
phomas. Arch Pathol Lab Med 2006;130: 
1850-8. 

23. Craig FE, Foon KA. Flow cytometric 
immunophenotyping for hematologic neo- 
plasms. Blood 2008;111:3941-67. 

24. Bello C, Zhang L, Naghashpour M. 
Follicular lymphoma: current management 
and future directions. Cancer Control 
2012;19:187-95. 

25. Vidal L, Gafter-Gvili A, Salles G, et al. 
Rituximab maintenance for the treatment 
of patients with follicular lymphoma: an 



updated systematic review and meta- 
analysis of randomized trials. J Natl 
Cancer Inst 2011;103:1799-806. 

26. Gupta R, Jain P, Deo SV, Sharma A. Flow 
cytometric analysis of CD5+ B cells: a frame 
of reference for minimal residual disease 
analysis in chronic lymphocytic leukemia. 
Am J Clin Pathol 2004;121:368-72. 

27. Fuda FS, Karandikar NJ, Chen W. 
Significant CD5 expression on normal 
stage 3 hematogones and mature B lym- 
phocytes in bone marrow. Am J Clin Pathol 
2009;132:733-7. 

28. Chantepie SP, Salaiin V, Parienti JJ, et al. 
Hematogones: a new prognostic factor for 
acute myeloblastic leukemia. Blood 2011; 
117:1315-8. 

29. Zheng J, Du W, Yao J, et al. Analysis of 
hematogones in bone marrow from acute 
myeloid leukaemia cases posttherapy. Eur 
J Clin Invest 2013;43:1140-6. 

30. Maftoun-Banankhah S, Maleki A, 
Karandikar NJ, et al. Multiparameter flow 
cytometric analysis reveals low percentage 
of bone marrow hematogones in myelodys- 
plastic syndromes. Am J Clin Pathol 2008; 
129:300-8. 

31. Shima T, Miyamoto T, Kikushige Y, et al. 
Quantitation of hematogones at the time 
of engraftment is a useful prognostic indi- 
cator in allogeneic hematopoietic stem cell 
transplantation. Blood 2013;121:840-8. 



OPEN /JJ ACCESS 



[Hematology Reports 2014; 6:5381] 



[page 37] 



